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POWER REDUCTION FOR PROCESSOR 
FRONT-END BY CACHING DECODED 

INSTRUCTIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional application of U.S. appli 
cation Ser. No. 1 1/217,474 filed Sep. 2, 2005 now U.S. Pat. 
No. 7,130,966 (issue fee paid Sep. 5, 2006), which was a 
divisional of U.S. application Ser. No. 09/892,566, filed Jun. 
28, 2001, now U.S. Pat. No. 6,950,903. The contents of appli 
cation Ser. Nos. 09/892,566 and 11/217,474 are incorporated 
herein by reference. 

BACKGROUND 

FIG. 1 is a block diagram illustrating the process of pro 
gram execution in a conventional processor. Program execu 
tion may include three stages: front end 110, execution 120 
and memory 130. The front-end stage 110 performs instruc 
tion pre-processing. Front end processing 110 typically is 
designed with the goal of Supplying valid decoded instruc 
tions to an execution core with low latency and high band 
width. Front-end processing 110 can include branch predic 
tion, decoding and renaming. As the name implies, the 
execution stage 120 performs instruction execution. The 
execution stage 120 typically communicates with a memory 
130 to operate upon data stored therein. 

FIG. 2 illustrates high-level processes that may occur in 
front-end processing. A front-end may store instructions in a 
memory, called an “instruction cache” 140. A variety of dif 
ferent instruction formats and storage schemes are known. In 
the more complex embodiment, instructions may have vari 
able lengths (say, from 1 to 16 bytes in length) and they need 
not be aligned to any byte location in a cache line. Thus, a first 
stage of instruction decoding may involve instruction syn 
chronization 150 identifying the locations and lengths of 
each instruction found in a line from the instruction cache. 
Instruction synchronization typically determines the location 
at which a first instruction begins and determines the location 
of other instructions iteratively, by determining the length of 
a current instruction and identifying the start of a Subsequent 
instruction at the next byte following the conclusion of the 
current instruction. Once the instruction synchronization is 
completed, an instruction decoder 160 may generate micro 
instructions from the instructions. These micro-instructions, 
also known as “uops.” may be provided to the execution unit 
120 for execution. 
The process of instruction synchronization and instruction 

decoding can be a time-consuming process. And, because 
many program instructions are executed repeatedly during 
processor operation, many modern processors also include 
UOP caches 170. The UOP cache 170 may store decoded 
uops in “blocks' for later use. If program flow returns to an 
instruction sequence and corresponding uops are present in 
UOP cache 170, the UOP cache 170 may furnish the uops 
directly to the execution unit 120. Thus, UOP caches 170 are 
known to improve performance of front-end processing. 

Various techniques are known for improving the through 
put of front-end units 110. These techniques consume tre 
mendous amounts of power. Implementation of a block 
cache, for example, requires power for the block cache itself. 
It also requires use of circuitry to observe decoded instruc 
tions from the instruction decoder, to build blocks, to detect 
block end conditions and to store the blocks in the block 
cache. The block cache must be integrated with other front 
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2 
end components, such as one or more branch predictors. And, 
of course, as implementation of blocks becomes more com 
plex, for example, to employ concepts of traces or extended 
blocks, the power consumed by the circuits that implement 
them also may increase. The front-end of the IA-32 proces 
sors consumes about 28% of the overall processor power. 
As mobile computing applications and others have 

evolved, raw processor performance no longer is the para 
mount consideration for processor designs. Modern designs 
endeavor to provide maximize processor performance within 
a given power envelope. Given the considerable amount of 
power spent in front-end processing, the inventors perceived 
a need in the art for a front end unit that employed power 
control techniques. It is believed that such front end units are 
unknown in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the process of pro 
gram execution in a conventional processor. 

FIG. 2 illustrates high-level processes that may occur in 
front-end processing. 

FIG. 3 illustrates a block diagram of a front-end unit 
according to an embodiment of the present invention. 

FIG. 4 illustrates an embodiment of a front-end system 
according to an embodiment of the present invention. 

FIG. 5 is a block diagram of a UOP cache 400 according to 
an embodiment of the present invention. 

FIG. 6 illustrates synchronization between an instruction 
cache and a UOP cache according to an embodiment. 

FIG. 7 is a block diagram of a cache line according to an 
embodiment of the present invention. 

FIG. 8 is a block diagram of a cache line according to 
another embodiment of the present invention. 

DETAILED DESCRIPTION 

Embodiments of the present invention provide a power 
aware front-end unit for a processor. In an embodiment, a 
front-end unit may disable instruction synchronization cir 
cuitry, instruction decode circuitry and, optionally, instruc 
tion fetch circuitry while instruction look-ups are underway 
in both a UOP cache and an instruction cache. If the instruc 
tion look-up indicates a miss in the UOP cache, the disabled 
circuitry thereafter may be enabled. 

FIG. 3 illustrates a block diagram of a front-end unit 200 
according to an embodiment of the present invention. The 
front-end unit 200 may include an instruction cache 210, an 
instruction synchronizer 220, an instruction decoder 230 and 
a UOP cache 240. In the embodiment of the present invention, 
a HIT/MISS output from the UOP cache 240 may control 
operation of the instruction synchronizer 220 and instruction 
decoder 230. When the UOP cache generates an output indi 
cating a hit, the instruction synchronizer 220 and the instruc 
tion decoder 230 may be disabled. When the UOP cache 240 
indicates a miss, the instruction synchronizer 220 and the 
instruction decoder 230 may be enabled. Circuitry may be 
disabled by gating system clock signals to the instruction 
synchronizer 220 and instruction decoder 230 based on the 
state of the HIT/MISS output from the UOP cache 240. 

In another embodiment, circuitry within the instruction 
cache 210 itself may be disabled by the HIT/MISS output 
from the UOP cache 240. As is known, operation of a typical 
cache occurs in two phases. First, a lookup operation is per 
formed to determine if requested data is present in the cache 
(shown schematically as cache lookup 212). Second, if the 
data is present in the cache, a data fetch operation is per 
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formed (shown as cache fetch 214). Traditionally, cachelook 
ups and data retrieval occurred as simultaneous operations. In 
an embodiment, cache fetch circuitry 214 within the instruc 
tion cache 210 may be disabled based on the status of the 
HIT/MISS output from the UOP cache 240. When the UOP 
cache indicates a hit, the cache fetch circuitry 214 may be 
disabled; when the UOP cache 240 indicates a miss, the cache 
fetch circuitry 214 may be enabled. 
The foregoing embodiments provide for power conserva 

tion in a front-end unit by disabling circuitry that will not be 
used to decode instructions. During operation, a lookup 
operation may be performed at both the UOP cache 240 and 
the instruction cache 210 using an instruction address (often 
called an “instruction pointer” or "IP"). If the UOP cache 240 
indicates a hit, the UOP cache 240 stores a block of uops 
corresponding to the instruction at the IP. Thus, even if the 
instruction cache 210 stores instructions at the IP, these 
instructions need not be decoded because decoded uops will 
be furnished from the UOP cache 240. The response of the 
UOP cache 240, therefore, may control this circuitry to con 
serve power. 

Returning to the embodiment illustrated in FIG. 2, if an IP 
hits the UOP cache 170 in a first cycle, the UOP cache 170 
may furnish data to the execution unit in the very next cycle. 
By contrast, if the IP misses the UOP cache 170 but hits the 
instruction cache 140, instructions would not be available for 
execution until they have passed through the instruction syn 
chronization and instruction decoding processes, a process 
that may occupy three cycles. The dual path architecture of 
FIG. 2 introduces a timing differential into many traditional 
front-end systems. This differential can be beneficial if 
decodeduops are present in a UOP cache 170, the uops may 
be executed without incurring the latency of synchronization 
and decoding. Accordingly, many front-end systems employ 
additional circuitry (not shown in FIG. 2) to recognize and 
exploit conditional timing relationships. The additional cir 
cuitry, however, consumes power that in certain applications 
can be wasteful. 

FIG. 4 illustrates an embodiment of a front-end system 300 
according to an embodiment of the present invention. The 
system 300 may include a UOP cache 310, an instruction 
cache 320, an instruction synchronizer 330 and an instruction 
decoder 340. The UOP cache 310 functionally may include 
circuitry devoted to cache lookup functions 350 and to data 
fetch operations 360. In this regard, the operation of a front 
end system is well known. 

According to an embodiment, the UOP cache 310 may 
include a delay path 370 between the cache lookup 350 and 
data fetch 360 units. This embodiment finds application in 
designs where power consumption holds a priority over 
instruction throughput. In this embodiment, decoded uops 
may be output to the execution unit at the same time, regard 
less of whether they are found in the UOP cache 310 or the 
instruction cache 320. If found in the UOP cache 310, a 
hit/miss output from the lookup unit 350 may disable the 
instruction synchronizer 330, instruction decoder 340 and, 
optionally, portions of the instruction cache 320 (via a con 
nection not shown). If not, decodeduops may be provided to 
the execution unit from the instruction cache 320 by way of 
the instruction synchronizer 330 and instruction decoder 340. 
Regardless of the path, the decodeduops would be presented 
to an output multiplexer 380 at the same time. 

In an embodiment, the delay element 370 may be a multi 
cycle delay element such as a cascaded series of latches. 

In the embodiment of FIG.4, provision of a delay path 370 
within the UOP cache 310 may achieve additional power 
conservation over traditional cache designs. Traditionally, a 
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4 
UOP cache is provisioned as a set-associative cache with a 
plurality of ways. Even though only one way can possibly 
hold the data, traditional caches output data from every way 
while a simultaneous tag match is attempted. For any way 
where the tag match fails, the data is prevented from propa 
gating out of the cache. This design consumes considerable 
power. 

In the embodiment of FIG. 4, the cache lookup 350 may 
perform a tag lookup in a first cycle. Even if the tag match 
registers a hit, data fetching 360 may be delayed until some 
later clock cycle. In this embodiment, a cache design may 
ensure that data is read only from the one way that causes the 
tag match; other ways would be disabled entirely. By dis 
abling non-matching ways from outputting data, further 
power conservation may be achieved. 

FIG. 5 is a block diagram of a UOP cache 400 according to 
an embodiment of the present invention. The UOP cache 400 
may be provisioned as a set-associative cache. Accordingly, 
the cache 400 may include a plurality of ways 0 to N, each 
having a commonarchitecture. Each way (say, way 0) may be 
populated by a plurality of cache entries 410-414. The entries 
may include a tag field 420 and a data field 430. Each way also 
may include an address decoder 440 and a tag comparator 
450. 

According to an embodiment, the address decoder 440 may 
be coupled to the cache entries (say, 410) via selection lines. 
A selection line may be coupled to its respective tag field 420 
directly. The selection line may be coupled to its respective 
data field 430 via a delay element 460. 

During operation, an address signal may be applied to an 
input of the address decoder 440. Based on the address signal, 
the address decoder 440 may generate an excitation signal on 
one of the selection lines. The excitation signal may cause 
data to be read out of the tag field 420 and applied to the tag 
comparator 450. The tag comparator 450 may determine if 
the contents of the tag field 420 match a portion of the input 
address (labeled Addr). Based on the comparison, the tag 
comparator 450 may generate a hit/miss signal. 

According to an embodiment, the hit/miss signal may be 
input to the delay element 460. If the tag comparator registers 
a hit, the delay element 460 may permit the excitation signal 
from the address decoder 440 to propagate to the data field 
430. The excitation signal may cause data to be output from 
the data field 430 of the respective cache entry 410. This data 
may be output from the cache 400. 

If the tag comparator 450 registers a miss, the delay ele 
ment 460 may be rendered opaque. The excitation signal 
would not be permitted to reach the data field 420. No data 
would be output from the cache. 
The foregoing embodiment achieves further power conser 

vation in a UOP cache 400. In traditional caches, when an 
excitation signal is generated by address decoders of the 
various ways, data typically is read simultaneously from both 
the tag fields and data fields in every way of the cache. At most 
one way should register a hit; the remaining ways register 
misses. Thus, apparatus typically is provided on the outputs 
of the data fields which is controlled by the tag comparators. 
The apparatus prevents data from the non-matching ways 
from being output from the cache. As can be appreciated, 
although the simultaneous read from both the tag and data 
fields can result in a faster access to requested data, it con 
Sumes tremendous power because non-responsive data is read 
from all other ways in the cache. The embodiment of FIG. 4. 
by contrast, reads from the data field of only one way in the 
cache 400 by delaying the data read until after a tag match has 
been registered. Although slower than the traditional cache 
architectures, the design conserves power. 
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In an embodiment, the delay element 460 may be tuned for 
a variety of timing requirements. By way of example, the 
delay element 460 may be a three-cycle delay element to meet 
the timing requirements of for example, the front end system 
of FIG. 3. The delay element 460 may be tuned for longer or 
shorter delays depending on the application for which it is to 
be used. 

As discussed above, instruction lengths may vary. UOP 
lengths typically are constant. When instructions are decoded 
into uops, however, the number of uops needed to represent 
the instructions also may vary. Further, there need not be any 
correspondence between the length of an instruction and the 
number of uops that represent the instruction. Short instruc 
tions may be decoded into a relatively large number of uops 
and long instructions may be decoded into a single or rela 
tively few uops. A front-end system typically maintains Syn 
chronization between instructions and decoded uops. 

FIG. 6 is a block diagram illustrating an exemplary set of 
instructions stored in a line 510 of an instruction cache (FIG. 
6(a)). In this example, a basic block of four instructions 
(I1-I4) is stored in the instruction cache. The beginning of the 
basic block need not be aligned to the first position of the 
cache line 510. In the example of FIG. 6(a), the basic block 
begins at a 3-byte offset from the beginning of the line 510. 
The fourth instruction I4 is illustrated as a jump instruction. It 
may terminate the basic block. The cache line 510 is shown as 
having a width of 16 bytes. 

FIG. 6(b) illustrates relative sizes of the instructions in 
FIG. 6(a) and the number of uops corresponding to each 
instruction following instruction decoding. Table 1 identifies, 
for each instruction, the length of data occupied by the 
instruction in the instruction cache and the length of data 
occupied by the decodeduops in the UOP cache. 

TABLE 1. 

No. of UOPs of corresponding 
Instruction Length of Instruction Instruction 

I 2 bytes 2 uops 
I2 3 bytes 1 uop 
I3 1 byte 3 uops 
I4 2 bytes 1 uop 
Is 1 byte 4 uops 

FIG. 6(c) illustrates exemplary lines 520, 530, 540 of a 
UOP cache. In this example, the uop-cache line width is 
shown as four uops (the uops themselves typically have a 
predetermined byte width, say, twelve bytes). Thus, the seven 
uops corresponding to the instructions I-I will spread mul 
tiple ways of the UOP cache if they are to be stored at all. FIG. 
6(c) illustrates the decoded uops for the basic block being 
stored in three ways of the UOP cache (hypothetically, ways 
0, 1 and N). 

In an embodiment, lines within the UOP cache 520–540 
may store not only the decoded uops but also administrative 
data representing the offset and byte length of the instructions 
to which they refer. Line 520 is shown with a data field 550 
and a byte length field 560. The data field 550 may store data 
from the decoded uops. The byte length field 560 may store 
information representing the length of the instructions as they 
appear in the line 510 of the instruction cache. Offset infor 
mation may be stored within the tag field 570 of a cache entry 
which, in an embodiment, may be merged with set informa 
tion for the cache line 510. FIG. 5 also shows Addr, and 
Addre data being input to the tag comparator 450 to refer to 
this embodiment. 
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6 
In an embodiment, decodeduops may be stored according 

to a scheme whereinuops from a particular instruction will be 
stored in a subject line of the UOP cache only if alluops from 
a decoded instruction can be stored in the same line. Consider 
line 520 for example, a line that is four uops wide. To fill line 
520 completely, decodeduops for instructions I and I and a 
first decoded uop associated with instruction I could be 
stored. In this embodiment, the final uop position in line 520 
is left “blank” and the uops for instruction I are stored 
together in the next cache line, line 530. 

Line 520 is shown as storing uops for instructions I and I. 
In this embodiment, the line 520 corresponds to a five byte 
sequence of instructions in the instruction cache. The byte 
length field 560 may store data indicating the length of the 
instructions I and I. The sequence of instructions in the line 
520 begins with an offset of '3' from the beginning of the 
cache line 510 in the instruction cache. This offset value may 
be stored in the tag field 570 of the UOP cache line 520. The 
tag field 570 also may store additional tag information used to 
address the instruction cache. 

In this embodiment, with reference to FIG. 5, when an 
address is applied to the UOP cache, the address decoder 440 
may cause the contents of the tag field (tag and offset data) to 
be output to the tag comparator 450. The tag comparator 450 
may determine whether a match occurs between the stored 
values and an input address. If a match occurs in way 0 (FIG. 
6 (c)), for example, the contents of the data field and the byte 
length field may be read from the cache entry 520. 
To determine whether to continue to read data from the 

UOP cache, a next address may be computed from a sum of 
the previous address (IP) and the byte length read from line 
520. This address may be applied to the UOP cache and may 
cause a hit or a miss. In the example of FIG. 6, a hit may be 
registered at way 1. This process of reading data from the 
cache and incrementing the address based on the value of the 
byte length field may continue until a miss is registered. Once 
a miss is registered, data may be read from the instruction 
cache rather than the UOP cache. 

Other embodiments permit uops from a single instruction 
to be distributed over multiple cachelines (e.g., lines 520,530 
for instruction I). Techniques for storing decoded uops in 
this fashion are well-known but may require flags to identify 
that an instruction spans across two ways and pointers to 
identify a ways that stores the remaining uops for the instruc 
tion. As is known, Such techniques imply the use of more 
complicated (and, therefore, more “power-hungry) circuitry 
to interpret this additional administrative data. A choice 
among the different embodiments may be determined by a 
balance of performance against power consumption and, 
therefore, may be selected to Suit individual design needs. 
The foregoing embodiments have been described as oper 

ating on a “basic block” architecture, a known architecture for 
instruction segments that possesses a single-entry, single-exit 
structure. Typically, a basic block is a sequence of consecu 
tive instructions, organized according to program flow. The 
basic block terminates at a control flow instruction (a condi 
tional or unconditional branch, a call, a return), a complex 
instruction or a predetermined maximum length. The jump 
instruction I illustrated in FIG. 6(c) would terminate the 
basic block. In an alternate embodiment, the present inven 
tion may operate on other blocks, such as a complex block. A 
complex block may be formed by “promoting a conditional 
branch-treating it as “untaken' and including following 
instructions as part of the block. In this embodiment, the 
return instruction Is could be included in the complex block. 
References herein to “blocks' are deemed to refer to these 
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different structures. The principles and operation of the fore 
going embodiments need not be altered to accommodate for 
this embodiment. 

FIG. 7 is a block diagram of a line 600 of a UOP cache 
according to another embodiment of the present invention. In 5 
this embodiment, the line may include a tag field 610, a data 
field 620, a byte length field 630 and a pointerfield 640. As in 
the previous embodiment, the tag field 610 may store data 
representing a tag and an offset that identifies the uop data 
stored in the data field 620. The byte length field 630 may 10 
store data that represents the length of instructions from the 
instruction cache 510 (FIG. 6) to which the UOP correspond. 
The pointer field 640 may store a pointer that identifies a 

way in which Subsequent uops may be found. Continuing 
with the example of FIG. 6, ifuops from instructions I and I 15 
are stored in the line 600 (in way 0) and the next uops in 
program order, those corresponding to instruction I are 
stored in way 1, the pointer field 640 may store data identi 
fying way 1. This administrative information permits a UOP 
cache to perform a tag match only in the identified way (way 20 
1) and to disable tag matching in all other ways of the cache. 
Additional power conservation may be achieved in this 
embodiment because it conserves power that would other 
wise be consumed when performing a tag lookup globally in 
every way of the UOP cache. 25 

During operation, when data is retrieved from way 0, a state 
machine within the UOP cache may identify from data within 
the pointer 640 which way (way 1) is likely to hold data of the 
next uops to be retrieved. Of course, due to data eviction 
within the UOP cache for example, it is possible that the uops 30 
stored in way 1 actually do not follow the uops retrieved from 
way 0. Accordingly, the UOP cache may perform a tag match 
upon the data stored in the tag field of way 1 and a new address 
obtained from a sum of the byte length field 630 and the tag 
data used to access way 0. If the tag match indicates a hit, data 35 
from way 1 may be retrieved and forwarded for execution. 

FIG. 8 is a block diagram of a line 700 of a UOP cache 
according to another embodiment of the present invention. In 
this embodiment, the line 700 may include a tag field 710, an 
offset field 720, a data field 730 and a byte length field 740. In 40 
this embodiment, the offset field may store a plurality of 
offsets 750-780 one for each uop position 790-820 in the line 
700. 
The embodiment of FIG.8 permits a UOP cache to support 

access ofuops in the interior of a cache line 700. For example, 45 
Some instruction (say, instruction I) in program flow may 
cause a jump to instruction I, an offset of 5 bytes from the 
beginning of the instruction cache line 510 (FIG. 6). As 
shown in the example of FIG.8, the instruction I would cause 
a jump into the interior of line 700, provided the UOP cache 50 
can recognize that line 700 stores instruction I. The embodi 
ment of FIG. 8 provides such functionality. 
A cache lookup upon the embodiment of FIG. 8 may 

include a tag comparator 830-860 corresponding to each off 
set sub-field 750-780 in the line 700. The tag comparators 55 
830-860 also may be coupled to the tag field 710 of the line 
700. Thus, during operation, when a cache lookup is per 
formed using a new address, the new address may be com 
pared to all offsets stored for the line 700. If any one of the tag 
comparators registers a hit, the new address hits the line 700. 60 
Identification of the tag comparator (say, comparator 850) 
that causes a hit may lead to an identification of the uop 
position (position 810) from which responsive uops may be 
retrieved. 
The embodiment of FIG. 8 provides for enhanced func- 65 

tionality over other embodiments described above but at a 
cost of increased power consumption. A decision of whether 

8 
to implement the embodiment may be made according to 
design considerations for the application in which the 
embodiment may be used. 

In the foregoing embodiments, various embodiments have 
described tag and offset data as being either merged into a 
unitary field or as distributed in multiple fields of a cache line. 
The principles of the present invention may be applied in 
either way. For example, although the cache lines 520, 600 of 
FIGS. 6 and 7 illustrate a single tag field as storing both tag 
and offset data, such data may be stored in discrete fields in 
another embodiment. Additionally, although FIG. 8 illus 
trates a single tag field 710 and multiple offset sub-fields 
750-780, such data may be merged as may be desired. For 
example, the tag data may be duplicated and stored in each 
sub-field position 750-780 merged with the respective offset 
data. Such modifications are fully within the spirit and scope 
of the present invention. 

During operation, a front-end system may operate in mul 
tiple modes. A “stream” mode occurs when the UOP cache 
outputs blocks of uops for execution because IPs hit the 
cache. A “build' mode may occur when instructions must be 
furnished from the instruction cache (or some other member 
of the cache hierarchy) because an IP misses the UOP cache. 
Traditional front-end systems include a block builder 180 
(FIG. 2), that observes decodeduops output from the instruc 
tion decoder and build blocks for storage in the UOP cache. In 
this way, if program flow returns to the IP that caused the miss 
at the UOP cache, the IP will cause a hit instead. In this regard, 
the operation of front-end systems is well known. 

According to an embodiment, when uops of a new block 
are to be stored in lines 520–540 of a the UOP cache, certain 
conditions may cause storage of theuops to advance from one 
line to the next line (say, from line 520 to line 530). In the 
embodiment of FIG. 6, these conditions may include: 

1. a determination that the uops of an instruction (say, I) 
cannot all fit within a current line 520; 

2. after cache response to new addresses (IPs) switches 
from a hit to a miss (i.e., the front end system enters a 
block building mode); and 

3. a determination that a previously storeduop is the last in 
a current block (i.e., a block end condition occurs). 

Of course, different conditions may apply to different 
embodiments. In the embodiment of FIG. 7, for example, it 
may be appropriate to permit different uops from the same 
instruction (I) to be stored in different cache lines because 
the cache pointer may identify the next line that is likely to 
hold the remaining uops to the instruction. In this embodi 
ment, condition no. 1 above may be replaced by a different 
condition, simply a determination that a current line 520 is 
full. 

Several embodiments of the present invention are specifi 
cally illustrated and described herein. However, it will be 
appreciated that modifications and variations of the present 
invention are covered by the above teachings and within the 
purview of the appended claims without departing from the 
spirit and intended scope of the invention. 

The invention claimed is: 
1. A method comprising: 
determining if an address corresponds to a cache entry of a 

first cache; 
generating a hit/miss signal as an input to a delay element; 

and 
automatically fetching data from the first cache corre 

sponding to the cache entry after an amount of delay 
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time, in response to an excitation signal from the delay 
element after determining that the address corresponds 
to the cache entry. 

2. The method of claim 1, wherein determining if an 
address corresponds to a cache entry of the first cache com 
prises: 

decoding a first portion of the address to cause tag data to 
be read out from one of a plurality oftag fields of the first 
cache; and 

comparing a second portion of the address with the tag data 
read out from the tag field, the cache entry being deter 
mined to correspond to the address if the second portion 
of the address signal matches the tag data. 

3. The method of claim 1, wherein the amount of delay time 
is synchronized with a timing signal, the amount of delay time 
being at least a cycle of the timing signal. 

4. The method of claim 1, further comprising: 
providing the address to a second cache at a same time the 

address is provided to the first cache, data fetched from 
the second cache having a longer response time to be 
ready than is required to perform said determining and 
said fetching in the first cache, 

wherein the amount of delay time in the first cache is set to 
offset a response time of the first cache so that fetched 
data from the first cache and the second cache are to be 
ready at a same time in response to the address. 

5. The device of claim 4, wherein the first cache is a 
micro-instruction cache and the second cache is an instruc 
tion cache. 

6. A device including a first cache comprising: 
cachelookup logic to output an excitation signal associated 

with a cache entry and a hit/miss signal in response to an 
address signal received; 

delay logic coupled to the cache lookup logic, wherein the 
delay logic is to delay propagation of the excitation 
signal if the hit/miss signal indicates a hit, and to Sup 
press propagation of the excitation signal if the hit/miss 
signal indicates a miss; and 

fetch logic coupled to the delay logic to output data for the 
cache entry in response to the delayed excitation signal. 

7. The device of claim 6, the cache lookup logic compris 
ing: 

a plurality of a tag fields; 
an address decoder to receive a first portion of the address 

signal as input and having a first plurality of selection 
lines as outputs, each tag field of said plurality of tag 
fields being associated with a respective selection line of 
the first plurality of selection lines, the address decoder 
to generate the excitation signal on a selection line of the 
first plurality of selection lines in response to said first 
portion of the address signal, the excitation signal to 
cause tag data to be output from the associated tag field; 
and 

a comparator to compare the tag data output from the tag 
field corresponding to the excitation signal with a sec 
ond portion of the address signal, the comparator to 
output a hit as the hit/miss signal if the tag data matches 
the second portion of the address signal, and to output a 
miss as the hit/miss signal if the tag data does not match 
the second portion of the address signal. 

8. The device of claim 7, wherein the first plurality of 
selection lines are connected as inputs into the delay logic, the 
delay logic having a second plurality of selection lines as 
outputs, each selection line of the first plurality of selection 
lines corresponding to a selection line of the second plurality 
of selection lines, the delay logic to receive the excitation 
signal on the selection line of the first plurality of selection 
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10 
lines and to output the delayed excitation signal on a corre 
sponding selection line of the second plurality of selection 
lines if the hit/miss signal indicates a hit, 

the fetch logic comprising: 
a plurality of data fields, each data field of said plurality 

data fields being associated with a respective selection 
line of the second plurality of selection lines, the 
delayed excitation signal to cause data to be output 
from the associated data field as said data for the cache 
entry. 

9. The device of claim 6, wherein operation of the fetch 
logic is to be synchronized with a timing signal, the delay 
logic to delay propagation of the excitation signal from the 
cache lookup logic to the fetch logic by at least a cycle of the 
timing signal. 

10. The device of claim 9, wherein the delay logic is a 
multi-cycle delay element. 

11. The device of claim 6, further comprising a second 
cache, data fetched from the second cache having a longer 
response time to be ready for execution than a combined 
response times of the cachelookup logic and the fetch logic of 
the first cache, 

wherein the delay logic is to delay propagation of the 
excitation signal from the cachelookup logic to the fetch 
logic by a time difference between the longer response 
time of fetching data from the second cache and the 
combined response times of the cache lookup logic and 
the fetch logic of the first cache. 

12. The device of claim 11, wherein the first cache is a 
micro-instruction cache and the second cache is an instruc 
tion cache. 

13. The device of claim 6, wherein the first cache is com 
posed of a plurality of ways, each way including its own cache 
lookup logic and delay logic, the delayed excitation signal to 
propagate only for the cache entry of the way having the hit. 

14. A system comprising: 
a processor having a front-end stage and an execution 

stage, the front-end stage to provide instructions to the 
execution stage for execution, the front-end stage com 
prising a first cache including 

cachelookup logic to output an excitation signal associated 
with a cache entry and a hit/miss signal in response to an 
address signal received; 

delay logic coupled to the cache lookup logic, wherein the 
delay logic is to delay propagation of the excitation 
signal if the hit/miss signal indicates a hit, and to Sup 
press propagation of the excitation signal if the hit/miss 
signal indicates a miss; and 

fetch logic coupled to the delay logic to output data for the 
cache entry in response to the delayed excitation signal; 
and 

a system memory coupled to the processor, the execution 
stage to operate upon data stored in the system memory. 

15. The system of claim 14, the cache lookup logic com 
prising: 

a plurality of a tag fields; 
an address decoder to receive a first portion of the address 

signal as input and having a first plurality of selection 
lines as outputs, each tag field of said plurality of tag 
fields being associated with a respective selection line of 
the first plurality of selection lines, the address decoder 
to generate the excitation signal on a selection line of the 
first plurality of selection lines in response to said first 
portion of the address signal, the excitation signal to 
cause tag data to be output from the associated tag field; 
and 
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a comparator to compare the tag data output from the tag 
field corresponding to the excitation signal with a sec 
ond portion of the address signal, the comparator to 
output a hit as the hit/miss signal if the tag data matches 
the second portion of the address signal, and to output a 
miss as the hit/miss signal if the tag data does not match 
the second portion of the address signal. 

16. The system of claim 15, wherein the first plurality of 
selection lines are connected as inputs into the delay logic, the 
delay logic having a second plurality of selection lines as 
outputs, each selection line of the first plurality of selection 
lines corresponding to a selection line of the second plurality 
of selection lines, the delay logic to receive the excitation 
signal on the selection line of the first plurality of selection 
lines and to output the delayed excitation signal on a corre 
sponding selection line of the second plurality of selection 
lines if the hit/miss signal indicates a hit, 

the fetch logic comprising: 
a plurality of data fields, each data field of said plurality 

data fields being associated with a respective selection 
line of the second plurality of selection lines, the 
delayed excitation signal to cause data to be output 
from the associated data field as said data for the cache 
entry. 
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17. The system of claim 14, the front-end stage further 

comprising a second cache, data fetched from the second 
cache having alonger response time to be ready for execution 
than a combined response times of the cache lookup logic and 
the fetch logic of the first cache, 

wherein the delay logic is to delay propagation of the 
excitation signal from the cachelookup logic to the fetch 
logic by a time difference between the longer response 
time of fetching data from the second cache and the 
combined response times of the cache lookup logic and 
the fetch logic of the first cache. 

18. The system of claim 17, wherein the first cache is a 
micro-instruction cache and the second cache is an instruc 
tion cache. 

19. The system of claim 17, the front-end stage further 
comprising a multiplexer to select between output data from 
the first cache and output data from the second cache. 

20. The system of claim 14, wherein the first cache is 
composed of a plurality of ways, each way including its own 
cache lookup logic and delay logic, the delayed excitation 
signal to propagate only for the cache entry of the way having 
the hit. 
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